The Higgs-boson production in association with a W-boson pair at e + e − linear colliders is one of the important processes in probing the coupling between Higgsboson and vector gauge bosons and discovering the signature of new physics. We describe the impact of the complete electroweak(EW) radiative corrections of O(α ew ) to this process in the standard model(SM) at the International Linear Collider(ILC), and investigate the dependence of the lowest-order(LO) and EW next-to-leading order(NLO) corrected cross sections on colliding energy √ s and Higg-boson mass. The LO and NLO EW corrected distributions of the invariant mass of W-boson pair and the transverse momenta of final W -and Higgs-boson are presented. Our numerical results show that the relative EW radiative correction(δ ew ) varies from −19.4% to 0.2% when m H = 120 GeV and √ s goes up from 300 GeV to 1.2 T eV .
I. Introduction
The Higgs-boson plays a very important role in the standard model(SM), it is responsible for the breaking of the electroweak(EW) symmetry and the generation of masses for the fundamental particles [1, 2] . Unfortunately, it has not been directly detected yet in experiments. Searching for Higgs-boson within the SM and studying the phenomenology concerning its properties are the important tasks for the present and upcoming high energy colliders. Until now, we have obtained a lot of experimental data which agree with the predictions of the SM. These precise data constrain strongly the couplings of the gauge-boson to fermions and the couplings between vector gauge bosons, but present little information about the couplings between Higgs-boson and gauge bosons. Previous LEP experiments have provided the lower limit on the SM Higgs-boson mass as 114.4 GeV at the 95% confidence level, which is extracted from the results of searches for e + e − → Z 0 H 0 production [3, 4] . The present indirect evidences of the SM Higgs-boson mass through EW precision measurements indicate the 95% C.L. upper bound as m H 182 GeV , when the lower limit on m H is used in determination of this upper limit [4] .
Compared to hadron machine, e + e − linear collider has the advantage of producing
Higgs-boson in a particularly clean environment. That is essential for studying Higgs- boson properties since the cross section of Higgs-boson production is rather small due to the fact that the scalar Higgs-boson couples mainly to heavy particles. Furthermore, in the upper and lower limits for the SM Higgs-boson mass, H 0 decays mainly into the bottom-quark pair allowed by phase-space. Therefore, the properties of Higgs-boson with the mass in present limitation range, are very hard to be precisely probed at hadron colliders because of huge QCD backgrounds.
The future International Linear Collider (ILC) is designed as a machine with the entire colliding energy in a range of 200 GeV < √ s < 500 GeV and an integrated luminosity of around 500 (f b) −1 in four years. The machine could be upgraded to √ s ∼ 1 T eV
with an integrated luminosity of 1 (ab) −1 in three years [5] . [6, 7] . It is sure that once the neutral Higgs-boson is discovered and its mass is determined, the HV V Fig.1 ). The Feynman diagrams in Fig.1 where p i (i = 1 − 5) label the four-momenta of incoming positron, electron and outgoing particles, respectively. The differential cross section for the process
at the tree-level is then obtained as
where M tree is the amplitude of all the tree-level diagrams shown in Fig.1 . The factor
is due to taking average over the spins of the initial particles. dΦ 3 is the three-particle phase space element defined as Refs. [15, 16] . The implementations of the scalar, vector and tensor five-point integrals are done exactly by using the approach presented in Refs. [17, 18] The total unrenormalized amplitude corresponding to all the one-loop Feynman diagrams contains both ultraviolet (UV) and infrared (IR) divergences. The UV and IR divergences in loop integrals are isolated by adopting the dimensional regularization(DR)
scheme. The relevant fields are renormalized by taking the on-mass-shell (OMS) scheme [20] . As we expect, the UV divergence contributed by virtual one-loop diagrams can by adding the real photonic bremsstrahlung corrections to this process in the soft photon limit. In the real photon emission process, denoted as
a real photon radiates from the electron/positron or W-bosons, and can be soft or hard.
We adopt the general phase-space-slicing (PSS) method [21] We can consider that the radiated photon in the reaction e + e − → H 0 W + W − γ can be either soft or hard, depending on the photon energy(E 6 ) in the center of mass system(c.m.s.)
frame. The criterion is like that: if E 6 ≤ ∆E, the radiated photon is soft, otherwise it is hard, where ∆E is defined as ∆E ≡ δ s E b , and E b is the electron beam energy in the c.m.s. frame and equals to √ s/2. Then theoretically both ∆σ sof t and ∆σ hard should depend on the arbitrary soft cutoff δ s , but the total EW one-loop correction(∆σ tot ) and ∆σ real should be cutoff δ s independent. If the IR singularity in the soft photon emission process is cancelled exactly with that from the virtual photonic corrections, the independence of ∆σ tot (≡ ∆σ virtual + ∆σ real ) on the cutoff δ s and fictitious photon mass m γ , could be demonstrated in our calculculation. Since generally we take the soft cutoff δ s to be a small value during our calculations, the terms of order ∆E/E b can be neglected and the soft contribution can be evaluated by using the soft photon approximation analytically [20, 22] d∆σ
where we define the four-momentum of radiated photon as p 6 = (p 0 6 , p 6 ). As shown in Eq.(3.4), the soft contribution has an IR singularity at ∆E = 0, which can be cancelled exactly with that from the virtual photonic corrections. The hard contribution is UV and IR finite, and can be computed directly by using the Monte Carlo technique. Finally, the corrected total cross section(σ tot ) up to the order of O(α 
where δ ew = δ virtual + δ soft + δ hard is the full O(α ew ) electroweak relative correction.
IV. Numerical results and discussion
For the numerically verification of the gauge invariance in our LO calculation, we used The following numerical computation is performed in the α ew -scheme and the initial EW input physical parameters are taken as [14] : Except the input parameters shown above, we have to fix the values of the IR regulator m γ , the fictitious photon mass, and soft cutoff δ s = ∆E/E b during our one-loop numerical calculation. In fact, if the one-loop calculation is correct and the IR divergency is really cancelled, the total cross section should be independent of these two parameters. Our numerical results show that the cross section contribution at O(α 4 ew ) order, ∆σ tot = ∆σ real + ∆σ virtual , is invariant within the calculation errors when the fictitious photon GeV , m H = 120 GeV and √ s = 500 GeV . As shown in Fig.3(a) , both ∆σ virtual + ∆σ soft and ∆σ hard strongly depend on soft cutoff δ s , but the total O(α 4 ew ) EW relative radiative contribution ∆σ tot = ∆σ virtual +∆σ real is cutoff δ s independent within the range of calculation errors as expected.
In order to show the curve of ∆σ tot more clearly, we present the amplified curve for ∆σ tot including calculation errors in Fig.3(b) . In further calculations, we fix m γ = 10 −5 GeV and δ s = 10 −3 .
In Fig.4(a) we present the curves of the LO and one-loop EW corrected cross sections as the functions of colliding energy √ s, with m H = 120 GeV , 150 GeV , 200 GeV , separately. Fig.4(b) shows that the relative radiative correction due to full EW one-loop contributions in the √ s vicinity close to the threshold of H 0 W + W − production, becomes rather large. That is because of the Coulomb singularity effect from the diagrams involving the instantaneous virtual photon exchange in loop which has a small spatial momentum.
To show the numerical results as presented in Figs.4(a-b) more precisely, we list some typical numerical results of the tree-level, one-loop EW corrected cross sections and the relative EW radiative correction(δ ew ≡ ∆σ tot /σ tree ) for the process Table 2 . There they are in conditions of √ s = 400 GeV , 600 GeV , 800 GeV , 1000 GeV , 1200 GeV and m H = 120 GeV , 150 GeV , 180 GeV separately. We can read out also from Fig.4(b) that when m H = 120 GeV and √ s goes up from 300 GeV to 1.2 T eV , the relative EW radiative correction, δ ew , increases from −19.4% to 0.2%.
In Fig.5(a) we present the plot of the LO and EW one-loop corrected cross sections
4.1676 (4) T . We depict the differential cross sections of transverse momentum of H 0 -boson at the LO and up to NLO (dσ LO,N LO /dp Fig.5(a) , and the distributions of dσ LO /dp
and dσ N LO /dp section of dσ LO /dp
T (dσ LO /dp
is slightly enhanced by the EW one-loop corrections, while it is suppressed when p
is larger than 100 GeV . We plot the distributions of W-pair invariant mass, denoted as M W W , at the LO and up to EW one-loop level in Fig.7 by taking m H = 120 GeV and √ s = 500 GeV . We can see from the figure that when M W W < 270 GeV the one-loop EW corrections enhance the LO differential cross section dσ LO /dM W W 
V. Summary
The future e + e − linear collider, International Linear Collider(ILC), will probably offer the cleanest environment to probe the SM more precisely and discover the signature of new physics. In this paper we have shown that the phenomenological effects due to the contribution from complete one-loop EW terms of O(α 
